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Title: Evaluation of Drainage Infrastructure Capacity under Projected Sea-Level and Climate Conditions, 
Broward County, Florida 

1. Executive Summary:  

The primary objective of this study is to characterize the drainage capacity and potential for inundation of 
the urbanized areas of Broward County, Florida under projected climate conditions and rising sea-level.  
The United States Geological Survey (“USGS”), a bureau of the United States Department of the Interior, 
will develop a groundwater/surface water model based on existing models and will expand the dynamic 
representation of the surface water system throughout the County.  Existing models will provide the 
necessary hydraulic parameters.  Best available information about the surface water system will be 
incorporated within the model and additional information may be requested from a variety of sources as 
required.  Model parameters will be adjusted to improve ability of the model to replicate historical 
conditions, but a rigorous, formal recalibration is not planned.  An analysis of the model sensitivity to 
uncertainties – hydraulic parameters and stresses – will be conducted followed by simulation of future 
scenarios of climate, sea level, and water management. 

Future scenarios will be developed using projected climate and sea-level rise estimates.  Simulated output 
(e.g., water levels, areas of inundation, and system flows) will be used to evaluate the response to these 
projections; outputs could be used to evaluate possible adaptation or mitigation strategies.  USGS will 
produce a USGS report or journal article documenting the development of the flow model and study 
results.  USGS will release a flow model and model archive to Broward County (the “Cooperator”) and 
the public as a USGS Data Release.   

USGS will develop the model, and USGS and the Cooperator will jointly fund the development of the 
model.  However, the continuation of this Agreement beyond the end of any Broward County fiscal year 
and the Cooperator’s contribution to the development of the model is subject to both the appropriation 
and the availability of funds in accordance with Chapter 129, Florida Statutes. 

2. Background and Problem Statement:   

In coastal Broward County, Florida, rising sea-level has been empirically observed over the last decade, 
with increasingly frequent tidal inundation in lower-lying areas and increasing high-water elevations.  
The low altitude, flat topography, and high permeability of the surficial aquifer system, combined with 
rising sea level, result in decreasing drainage potential, particularly during substantial precipitation 
events.  Understanding and mitigating the consequent risk to residents, businesses, and critical 
infrastructure are high priorities for County managers and planners.  The County needs to be able to 
identify areas of greatest risk, test management or adaptive actions, and project timelines for 
implementation of such actions.  
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A previous study (Decker and others, in preparation) tested a novel approach to simulating surface water/ 
groundwater interactions in the urban hydrologic environment, and applied the approach to evaluate the 
effects of sea-level rise and changes in precipitation on the operations of several primary control 
structures, and to assess the potential for inundation in selected area.  The study focused on the east-
central part of the County.  Outcomes from the study can be applied to other parts of the County, where 
controls on drainage differ.  For example, the northern part of the County has a substantially higher 
topographic gradient, and control structures are closer to the coast than in the central and southern parts 
of the County.  The southern part of the County is generally characterized by less direct drainage to the 
Atlantic Ocean than the central and northern parts of the County, and by very low altitude near the 
Everglades.  Furthermore, new drainage control structures and operations may be implemented that will 
affect drainage in parts of the County. 

To address the need to identify areas at risk of inundation, particularly in the central and southern parts of 
the County, and to evaluate the effects of proposed drainage management actions, the USGS, in 
cooperation with Broward County Environmental Planning and Community Resilience Division, 
proposes to characterize drainage capacity and potential for inundation throughout the urbanized areas of 
Broward County for a variety of hydrologic conditions.  Questions of interest include: 

• What are the effects of loss of drainage capacity with sea-level rise and changes in climatic 
patterns and which areas within the County are most vulnerable?  

• How will proposed operations at drainage structures such as S-9 be affected by sea level rise and 
changes in climatic patterns?  

• How will the C-11 impoundment project or other proposed water management activities affect 
drainage and inundation potential in the urbanized areas of the County?  

3. Objectives and Scope:   

To characterize drainage capacity and the potential for inundation, USGS will develop a model to 
simulate the historical water levels and drainage system flows throughout the urbanized areas of Broward 
County, Florida.  The proposed model expands upon models previously developed by Decker and others 
(in preparation), Hughes and others (2016), and Langevin and Zygnerski (2013).  The model will account 
for surface water drainage, including flows through control structures, groundwater flow, and 
groundwater/surface water interaction to simulate groundwater levels and surface water levels.  The 
model will be used to evaluate how groundwater levels and the surface water system respond to changes 
in sea level and climate based on projected scenarios.  The model will also be used to evaluate strategies 
to reduce the possible adverse effects of climate change and sea level rise on drainage and on shallow 
subsurface storage in the study area. 
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Application of the model to address inundation potential in Broward County may also provide 
opportunities to advance techniques in modeling of this type of urban drainage system or to create a more 
versatile and robust tool for evaluating the system and the effects of potential changes on the system.  
Improved modeling approaches that have been successfully used or may be tried include:  

• using a level-pool approach for drainage control areas;  
• using algebraic algorithms instead of more computationally intensive solutions;  
• minimizing use of overland flow component of solutions to where it is most needed;  
• testing optimal grid-refinement for addressing problems at scales of interest for County, while 

keeping computational times reasonable for application simulations;  
• focusing projections on simulations of short duration (e.g. seasonal, monthly, design-storm 

events). 

This project may also present an opportunity to incorporate the latest research on projected climate 
conditions for southeast Florida for any hydrologic predictions.  Current USGS research is evaluating a 
suite of projected future downscaled climate models for the southern Florida peninsula, and the 
associated uncertainty, at various temporal scales, with a particular emphasis on precipitation projections 
and reduction of uncertainty.  Results from this research may be available within the timelines needed for 
the proposed study. 

4. Approach:  

To achieve the project objectives, USGS will develop a three-dimensional groundwater flow model for 
northern, central, and southern Broward County based on existing groundwater models.  The proposed 
model will expand the spatial extent of the county-scale model developed by Decker and others (in 
preparation), which is based on the saltwater intrusion model of central and southern Broward County 
developed by Hughes and others (2016).  The northern expansion will use information from the saltwater 
intrusion model of northern Broward County developed by Langevin and Zygnerski (2013), which is 
currently being used by Broward County for future scenario modeling.  Any available modifications, 
improvements, or newly calibrated parameters will be incorporated.  The proposed modeling strategy will 
use MODFLOW 2005 (Harbaugh, 2005) to model the groundwater system, which is based on Darcy’s 
Law and requires that model properties be assigned using the assumption of an equivalent porous 
medium.   

The proposed modeling strategy uses a combination of the SWR1 (Hughes and others, 2012) and URO 
processes (Decker and Hughes, 2013) to model the surface water system similar to Decker and others (in 
preparation).  Other packages may be used to represent processes within the surface water system, if 
needed, including the UZF (Niswonger and others, 2006), EVT, RCH, and RIV (Harbaugh, 2005) 
packages.  Decker and others (2017) used SWR1 to dynamically simulate a portion of the canal system in 

EXHIBIT 2 
Page 5 of 8



central Broward County.  That methodology would be refined and expanded to the other areas of the 
County.  The SWR1 process is a surface water routing process that simulates one- or two-dimensional 
routing of surface water.  Surface water can be routed using a diffusive wave approximation or a level-
pool approach of cascading pools separated by specified structure geometry or operations.  Surface water 
control structures simulated may include fixed-crest weirs, gated spillways, or stage-discharge relations 
to represent the operational characteristics of the system.  The URO process would be used to simulate 
rainfall, evapotranspiration, infiltration, recharge, and possible routing to SWR1 where needed.  URO 
uses a conceptualized, water-content dependent approximation of infiltration and recharge.   

A significant limitation to the development of the model and the reliability of the results is the lack of 
information about the drainage system, particularly in the northern and southern parts of the County.  Of 
particular value are drainage canal locations, depths, and interconnectivity.  To address these data gaps, 
USGS will request additional information from a variety of sources (for example, drainage districts and 
municipalities), and/or limited field verification may be required.  Remaining unknown parameters, 
geometry, or feature connections will have to be estimated using best available information.   

Existing models will provide hydraulic parameters for the model developed for this project.  These include 
calibrated groundwater flow parameter values from the central and southern saltwater intrusion model 
(Hughes and others, 2016), and the northern saltwater intrusion model (Langevin and Zygnerski, 2013).  If 
newer or refined parameter information exists or becomes available, it may be incorporated.  Groundwater 
parameters may be altered in order to improve model performance or fit to historical conditions, but 
rigorous recalibration will not be a primary focus of this project.  Surface water system flow parameters 
used by the inundation model (Decker and others, in preparation) will be used for the southern and central 
parts of the County, while new parameters will be developed for the northern part using similar methods.   

Once USGS constructs the model and adequately tests it, USGS will perform a sensitivity analysis.  
Climatic, meteorological and hydrologic stresses, as well as surface water and groundwater model 
parameters, will be varied to evaluate the model response and help distinguish factors that substantially 
influence the simulated results.  Assuming the model will be able to adequately represent the behavior of 
the surface water system under historical conditions, it will then be used to simulate the same system under 
differing climatic, meteorological, sea level or operational conditions.  The results could be used to evaluate 
the system’s response to projected future scenarios and then used to evaluate possible adaptation or 
mitigation strategies.  

Specific water management actions or adaptation strategies tested may include changes to existing structure 
operations or target water-levels, representation of drains or pumps in specific areas of concern, and 
changes to network routing or operations based on proposed system changes.  A minimum number of two 
such scenarios will be tested in order to evaluate the model’s ability to simulate these types of changes to 
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the surface water representation.  USGS project personnel will work with the Cooperator to formulate a set 
of finalized scenarios to be tested.  

5. Information Products 
 
1) USGS Data Release of flow model and archive 
2) USGS report or journal article documenting flow model and model results 
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7. Project Schedule: 
Estimated start date (subject to change): June 12, 2018 
End Date:  June 11, 2021, or 3 years after start date 
 

 Year 1 Year 2 Year 3 
Data compilation X   
Model construction X X  
Scenario simulations  X  
documentation   X 

 

8. Budget Summary: 

Table 1. Task 1 Costs – distribution based on estimated start date, subject to change 

  Project 
Year 1 

Project 
Year 2 

Project 
Year 3 

Project Total 

Total Project Costs $ 250,000 $ 324,000 $ 214,000 $ 788,000 

Cooperator Funding  $ 180,000 $ 180,000 $ 110,000 $ 470,000 

USGS cost share $  70,000 $ 144,000 $ 104,000 $ 318,000 
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